In this paper, the call option price is evaluated based on linear investment strategy in order to hedge the risk actively in stock market with stochastic interest rate. The Vasicek model is used to describe the structure of interest rates. The mathematical characterization is discussed for the unique no-arbitrage price associated with any attainable contingent claim. The appropriate numeraire (zero-coupon bond) and measures (T-forward measure) are chosen to simplify the calculations. Based on the designed linear investment strategy with stochastic interest rate, a novel option price approach is obtained under the T-forward measure.
Introduction
With the globalization of economy and the rapid development of financial derivatives market, the analysis of the option pricing is of great importance and has attracted considerable attention. In 1973, Black and Scholes [1] proposed the classical Black-Scholes model under the risk-neutral world with the assumption that the stock price follows geometric Brownian motion, and the expected return rate stock is a constant, while, the assumption of Black-Scholes model has a large difference with the real world. Merton [2] considered dividend and stochastic interest rate into the option pricing model. Cox and Rose [3] [4] used the alternative stochastic process to discuss the option pricing model and considered the expanded formula of stock price that does not include continuous sample path. sidered the several linear investment strategies into the stock option price as well, and deduced an option pricing model formula through the complex mathematical calculation, while, Yan [8] calculated the option pricing model formula under the nonlinear dynamic investment strategy.
It is known to all that the classical Black-Scholes model presumes the interest rate is a constant. In real financial market, however, the rate is fluctuating generally influenced by national policy, economy and stock market. In this case, many academic proposed stochastic interest rate model to research the option pricing issue. Generally speaking, the research includes the interest rate term structure, correction and expansion based on Black-Scholes model. In 1977, Vasicek [9] by using the basic Black-Scholes argument, developed a model that considers the evolution of the term structure of interest rates and the pricing of interest-rate derivatives, and the Vasicek model exhibits mean reversion characteristic. Harrison & Kreps [10] and Harrison & Pliska [11] [12] developed the first rigorous approach for the arbitrage-free pricing of general contingent claims. Jarrow and Morton [13] developed a general framework for interest-rates dynamics. Geman et al. [14] provided a useful toolkit explaining how the various dynamics change when changing the numeraire, where the apposite choice of numeraire could simplify the option calculations. Musiela and Rutkowski [15] and Hunt and Kennedy [16] gave more details about the treatment of the no-arbitrage issue under stochastic interest rates. Jamshidian [17] first used the change of measure in the calculation of a bond-option price under the Vasicek model, the approach of which provide the method to calculate the stock option price under the change of measure. Wang and Zhang [18] presented Europe call geometric option when the stochastic interest rate is modeled by Vasicek model and Hull-White model. Yao and Wang [19] used geometric mean to calculate average price of the asset and obtained average price, average strike price option pricing formula and parity formula under the continuous time situation. Xiao [20] gave the solution of Black-Scholes formula under the partial differential equation method, the equivalent martingale measure method, and the derivation of European option pricing with the stochastic interest rate, paid dividend and jump-diffusion. Feng [21] with the stock price. Meanwhile, the investment strategy is taken when the stock price higher than the striking price. Under this circumstances, the loss of position stock with trading planned stock will less than that not trading, the new option price under the designed investment strategy could be less than the classical Black-Scholes model option price. Wang [6] has proved this result correctly but under the assumption of the interest rate is a constant. In this paper, the interest rate term structure will be considered into the new option price model under the designed investment strategy. A favorable numeraire, zero-coupon bond, is chosen through the martingale measure theorem. Furthermore, the new stock option can be achieved by calculating an expectation of its payoff which calculated under the designed investment strategy.
Prerequisite Knowledge
In this paper, we consider two assets in the market. One is the riskiness asset, the Definition 2.1. [14] A numeraire is any positive non-dividend-paying asset. Remark 2.1. Intuitively, a numeraire is a reference asset that is chosen so as to normalize all other asset prices with respect to it. In fact, each numeraire can be represented as a stochastic process and corresponding a probability measure. The risk-neutral numeraire is the money-market account defined in equation (2.1) and (2.2) .
Lemma 2.1. [14] Assume there exists a numeraire N and corresponding probability measure N Q , such that the price of any traded asset (without intermediate payments) X relative to N is a martingale under N Q , i.e.
In many concrete situations, a useful numeraire is the zero-coupon bond ( ) , P t T maturing at time T where 0 t T ≤ ≤ [17] . The measure associated with this numeraire is referred to as T-forward risk-adjusted measure, or more briefly as T-forward measure, and denoted 
where T H is the claim payoff at time T. We know that the filtration 0  has no influence on the above calculation of the expectation. This means that the formula can also been written as follows:
Indeed, according to risk-neutral argument, the zero-coupon bond price at initial time can be given by
with E denoting the expectation under the risk-neutral measure. Then the option price C at initial time on a zero coupon bond under the Tforward measure could be calculated by 
The Europe Call Option Price Based on Investment Strategy
In this section, we shall discuss the new option price, the Europe call option price, based on investment strategy with the stochastic interest rates under the 
where S is stock price; A is all investment amount; ( ) Q S is the stock investment proportion, which is equal to the value of the stock investment divided by A; K is strike price of the option; α is investment strategy index, whereby the stock investment occurs while the stock price varies from K to ( )
, the smaller α indicates that the investors buy stock in a narrower interval of stock prices;
β is the maximum value of the stock investment proportion.
The feature of function ( ) Q S is shown in Figure 1 , from which we can easily see that the added investment is q ∆ when the stock pricing changes from S S − ∆ to S , and 
Notice that
Calculating the above integral formula by the derivative of ( ) Q S , we can obtain the income function at stock price 0 S as follows: 
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If the stock price varies from K to 0 S , the investors do not buy any stock.
Under this condition, the short position's expected loss is given by
In this case, however, the holding stock by the investor based on the above investment strategy will offset some loss, and the loss function would be 
As known to all, the option seller should compensate the expected loss of the option holder in option market. Therefore, the value of loss function is equivalent to the claim payoff. Noticed that the option claim payoff is zero when 
where T S is the stock price at maturity time T.
Many options are priced of constant interest rate under the assumption, which we can see in Black-Scholes model. However, in financial markets, the interest rate cannot be assumed as an unchanging factor. Here, we use classical short-rate model, the Vasicek model, to evaluate the new option price. Vasicek (1977) assumed that the instantaneous spot rate, under the real-world measure, evolves as an Ornstein-Uhlenbeck process with constant modulus. For a suitable choice of the market price of risk, this dynamics coincide with the other dynamics as well, which the short rate follows an Ornstein-Uhlenbeck process with constant coefficients under the risk-neutral measure [23] , that is ( ) Meanwhile, the price of zero coupon bond can be evaluated by the expectation of a functional of the process t r as ( ) 
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The price of zero coupon bond have been computed by instantaneous-spotrate dynamics under the risk-neutral measure. In order to evaluate the new option price, we only need to calculate the expectation of T V under the T-forward measure. 
As the same analysis, the dynamic of the process t S under the T-forward measure can be expressed by
T t t t t t S rS t S W
The Girsanov theorem implies that the process 1, 
In order to simplify the process of integral calculation, we divide the above expectation into three parts given by
, it is known from probability theory that 
